The present study presents an objective method to quantify discretion in terms of body close fit of incontinence care products. A 3D scan-method based on a structured light sensor and industrial inspection software was developed to record and evaluate different product designs dressed on a mannequin. All of the instrumentation and software are commercially available and performance evaluated in order to assure reproducibility. The methodology is applicable to dry as well as wetted products and has proven useful for comparisons of different pull-on type of disposable incontinence products.
In the past, 3D body-scanning techniques [3] have been constructed as fixed stationary systems. This technology has made it difficult to scan complex geometries, e.g. crotch region of humans and mannequins, where surfaces shadow one another or are hidden by the legs. Mannequins dressed with body-close incontinence protection are examples where this is an important issue. New handheld sensors have been introduced on the market offering flexibility for the scanning operator to scan difficult geometries and judge the scanning result in real time during the scanning.
Solution: 3D-scan method
The present study proposes a new and objective way to measure discreteness. The method is based on a hand held commercially available structured light sensor from Artec Group and industrial inspection software from Geomagic. A mannequin is scanned and used as reference (nominal data) when evaluating and comparing different products. The products are dressed onto the mannequin, scanned and data is saved for inspection using Geomagic Verify. The inspection software uses the nominal data together with the data from the mannequin wearing a product whereby measures such as distances, deviations and volumes can be calculated between the nominal data and the external surface of the product. To ensure accurate measurements and reliable data for decision-making, a metrology framework has been developed to qualify the scanning data.
Thereby, products can be studied and compared in an objective way using standard measurements.
Materials and methods

Instruments
The data derived from this method is based on accurate measurements done with three components, the Artec Eva (3D scanner, serial# EV.30.72018541), Artec Studio (software, version 9.2.2.34) and Geomagic Verify (software, build 4.0.0.0). The operator uses the Artec Eva together with Artec Studio to obtain a point cloud. The point cloud is then translated into a mesh and exported to Geomagic Verify as an STL-file. The Artec Eva was chosen because of its accuracy and flexibility as a handheld device. The flexibility is needed to be able to capture the whole product with its creases from every angle.
Body-worn incontinence products
Pull-on-type of incontinence products size M of five different designs from four different producers were obtained in stores and pharmacies in EU during Oct-Nov 2013. The products were stored in their original packaging and used directly from the package, i.e. they were not pre-conditioned in any way.
Mannequin
A hollow model of the lower abdomen with ladies size 38 (Fig. 2) , was used for product fitting.
Preparations
The products were dressed onto the mannequin by the operator using the same procedure with all products to avoid operator introducing differences in fit.
For comparison of dry and wetted products, the dry product is used as nominal reference. First a dry product is scanned. Thereafter, a 300 ml aliquot of simulated urine (0.9% sodium chloride solution) is added to the product through a tube inside the mannequin. Before scanning the wet product it is left to soak for 10 minutes after the liquid is applied.
This way the wet product can be scanned without having the operator interfering with the product. This leads to the ability to accurately and objectively study how products change when subjected to liquid.
Scan techniques
The method uses a complete scan of an undressed mannequin as a nominal reference and a complete scan of a mannequin wearing a product as a comparison which gives a multitude of possible ways to measure between the two using only one single scan of the product. In Geomagic Verify the two scans are aligned to each other by using common surfaces that are not affected by the product, i.e. approximately from the bellybutton and above and the legs. By using pre-defined methods of measurement (volume of product, distance from crotch etc.) the data is collected and presented in a unique report for each evaluated product. . All three independent tests found that the geometry fitting algorithms in Geomagic Verify are some of the most accurate available. Note that the tests refer to RapidForm which is the previous name of the software.
The parameters contributing to uncertainty includes Measurement method [7] (repeatability, reference, measurement system accuracy and temperature difference) and Parameter evaluation (repeatability calculation parameters). Conditions include; same measurement procedure, same observer/operator, same instruments, same location, repetition over a short period of time. Results show from table 1 that the measurement systems contributes with +/-0.3 mm uncertainty. Repeatability is the factor contributing most to the uncertainty. Repeatability measuring reference mannequin wearing same product 10 times (range value) using method described in Fig. 3 .
From the result for parameter uncertainty, including measurement method, the method has an uncertainty of +/-1.6 mm where Body Close fit parameter influence most. The measurement method has low influence on the uncertainty.
5th Fig. 4 . Body close fit as described in Fig. 3 . The data in table 3 shows that product B displays the smallest mean value for "Body close fit" (dry) among the tested products. Product E displays the largest bulkiness in terms of "Body close fit", but the smallest difference between dry and wet product, 3.1 mm. A noticeable observation is that the measured volume expansion of "Core volume" (dry/wet) is almost consistent among products A, B, C and D (0.11 -0.13 l), while product E shows a smaller difference between wet and dry.
Product evaluations
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Discussion and conclusions
Incontinence in itself is perceived as undignifying, which is why discretion is so important. Discretion depends on many aspects of coping with the physiological disability, ranging from handling of boxes and products to wearing and disposing of the protection. There are many publications addressing the problem from a Quality-of-Life (QoL)-perspective [8, 9] , underlining the effect of incontinence on a person's psychological health. Still, no study has presented a method like the present; a method that turns user needs regarding discretion into tangible numbers. The development of this 3D scan method will enable the benchmarking of product designs and thus support users in product selection. We used the method to quantify product bulkiness, where the critical areas had been identified in user tests [10] . In table 3 it is seen that the five products could be ranked as measured by bulkiness with the new 3D-scan method. Hence, fact-based evaluation of discretion can be provided.
